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Abstract 



PROBLEM TO BE SOLVED: To monitor 
fluctuation and aging of plasma processing 
characteristics in real time by substituting 
electrical signals measured in real time into a 
model equation, thereby estimating the plasma 
state. 

SOLUTION: A model equation for estimating 
plasma processing characteristics from controller 
parameters obtained through analysis of trial test 
data is stored in a model equation memory 
means 48. An operating means 44 substitutes 
measurements of electrical signal sampled 
through an electrical signal sampling means 42 
into the model equation stored in the model 
equation memory means 48. The operating 
means 44 predicts the values of etching 
characteristics, e.g. etching rate and uniformity of 
etching, and calculates the actual values thereof 
based on end point information detected by an 
end point detecting means 46. 
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m-thm^yr y >-x#a k . 

MtEX ? XvWffi&VffiBrf&Mtzm^ ">T x v 
U 

i<ne^Br¥S{±. MiewM k ErtBieiiHik oscs-? 
wtr 5xv<o«m* »Brr a £ k Sk-r&r^x 
vaunts. 

[ m&L 3 ] i xiz 2 setter 5 xv^g^s 

9Xv«Bl«rllttt^4**5*»*»S&r4 - k fclffSkf 

[ mt&4 ] it*ii 1 nm 3 <ov ^tw> 1 mizmmco 

75 XvjgigilBfcis v -»t , 

i9fe7*5Xv«si«ftt*<«e— sfc =Sr4 J; a t . woe? 
kw^-s ck£#®k t-sx^xvasiggis. 

tfriefi#-9->-ry >x^s«. i?ie*mwft^-k lt. 

7°7 X V £3&fe-r a £ EPSD-T ittb 

1 m>m 6 ] mm 1 5 cov 1 ^stUBtto 
75 x-yjaaissi c*$ v , 

mzy°7X^wmm.\±. ^v^-y^mm. ivfv/ 

r^x^aaasat. 

r 7X-?$mmw iza^x. 
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7"5 X-? «L3«rtt k £ WiSo'tt a * -frt-sSCttAf 2» - 
fc K i 0 ffilBX7X7MS#ttW8M£gaJ L . 
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[11*319] ffi:#^8tB«^7°o*X*-?:fri£Kfc 

maram t m&«Hi k v>m,zm^\ ^75 X7»t 

«*»Brti - k Jtt}:t47n-bXt-^^. 

7°5X-e<7)^c®5:$iJ}jp-r 4SSBIW#><5.x - 9 b ffiim. 
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[ft^JS 1 1 ] m^m8jbm. 1 0 n^tifr 1 mzm 
m^Txn-^x^-^m^za^x s 

T-? x -/\co9SMti<Mcomnb b l>izim&77X~?imft 

mmt-th^^t. mmmm^m-bmixy 

X vjaa#tt k S: BBt-^ J t £> buIB ^ xV^S.t/HfrlB^« 
SNJfJfy n-^^ -?k 1ulB«*Wft-f - k * Wao'tt ^ fiff B^e 

x;^^, ^a^y-->-Xf*coB>riB'7x-^co3!asts: 
HuiB^a^ y y Xf*icM^<7)MiB , 7 x-^z%mi> 

k Stfat^iXn-fe^n^^ra. 

[ n^m 1 2 ] fg^js 8 nm 1 1 <ov vma* 1 jskie 

1fiiZ7°7X-?cr)tfM<V&m±. 1 feo^ x — J\£%mt 

zmzfto zbzmmb-t&yv-ttt-fjrm. 

[ft*3S 1 3 ] If^JlSBM 1 2 co^-ftifr 1 JltciB 
a«7°o-tx*-^^r^jB^r , 
7°7xv^«® %mm-r& tefrnmeMsmmmziz . 
-imr3mm~cy-yy c y yytfzimcD^-fcv^m 

[lt*Jl 1 4 ] 1**S8^»3E 1 3WTtii!F 1 fltlE 

7°7 Xv cottJBkO^Bf OietliliE* T)V-m Ett#S*» 4> 
K^ffi'f-i k £#$fck^SXn-feX^*7m, 

[it*« 1 5 ] ryx^wmzTiozmftmwimm 
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mmv ^-^comiiryx^mm&miz&^x . ??x 

mtex y x^wm¥&nmi = f'mmzm^\ vt x? x-e 

[ is*« 1 6 ] gf$g 1 5 tmntmfotmcowm-ft 
mtza^x. 

miimmm^^xyx^mmcom^mta t . 

X? X-7c7)*t«S: (HflTt *SSWW«9 * - * i: 

£it«N-& £ i: £ <k "5 . X^ X~?<?)tfiM £ ^-it~t h JSH 
fc & 2. mff a^BW * - 9 *%ffct & Z t £ tt& t 

[i»*«i8] m%mi 5^1 7co^-nxfrimz 

ftt<&m#^n9tiGft&tets\\x , 

[000 1 ] 

m&tzmmzn&xyx^mmmzuK). mz, 75 

X-? & n m LX V x -y \sSr f £ B&*f * 7" 7 X^S^I 
[0002] 

mjtizk^Xy'yXifcfh Zblzl:*), 36±Lfc-f * 

y^y ; jyfiMzx^xmm.mm(omm^^-y^yyL. 

*#^B<?DiEfi7 , o-fex4r^^*JV^-rj£<fflv^jxT^ 
I). 

[0003] «»77X7MglJ , 

vjtaa^aJt«)«oKffi^-^>'^'6oi*iwi. ±a5«n 

6 2 fcTIB»BS6 4 bffS.WZtti(nLX&m.ZtLX v> 
S. TSP®E64±t(±. x-yf-yX'tl. , >x->'N6 6 

tfmmzti&. ±^mme 2 tT^VM6 4 borate 



J4, £ft^mieigiCX7Xv6 8£?^^S/i^i«Jl 

A6 0 mzffife<DffiMX'mX't&tztbc?>%Mffiffl%s7 4 
&tf#xffiSW2s 7 6 #i£t7 £>ftX v *4 . * . iftJS$ 
** 7 0, SEftfMfllK 7 4 . tfXJESJfSPfs 7 6 

SBHJWfln y fjL-^ 7 8#g^$*rc v>& . 
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4±(c3!Q:^$: : ffd , 7x-^6 6$:mat^. X^-fir 
W?6 0rtSBf«<OE*it?jSE-r4. <!K^X\ x-yf- 
V?tiX*ft&$m&7 4 fcfl-LT*3E?-v yA6 Oft 

t #XEM»»7 6fcJ: 
■v W^6 0 rtcOETJ SrtJt? — 

[0005] iXV^T". ZCDVmT±.®9&6 2 fcTSB* 

«s6 4 t^rataiffe^epjpt, tBac7?X"7 6 8 

£l&fe-f&<, KH««*7Oj&»&08^4Kffl«l=tt» 
(^Ji.{±'13. 5 6 [MHz] COmffiSL^m^h* ZoL 
X. TSP*ffi6 4±^S$ix?t 1 7x-^6 6SrX9X 
vrtJCO^^y-^^^/HcioTx-yf-^Xt. WM<n 

mmztvjsth. 

[0006] zzx\ x.v^-yfWmizfoti-oXii.. M 

mwfflmm^yv 3.-91 &\,zi.*)-&mm.-K. a 

xJEETk xrxaOKirif<ox.yf->'^*ff (ilSMflP^^ 

fc«[*«H*-*-* ± 3 iz LX v^S . 
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>-^V- b * i'«75 Xv«va^fr$*^-t S 

KSffl&a^^-fbtTK^^tx.y^-^x^s. % 
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7J. #XE7J, ^xSK» i S:if^ffl5WffiK:J:-?-C»^8 
il, ffl^<7)y^5^-^2:*3*TSiJ1JPLTi7'7Xv^ 

«ffl3yt A -^78KJ:0i«^iSW*. ^'xffTJ. ^* 
XsE*^ fc' cox . y f - y X^ £ ^-fflffliS^ iot^f 

<Tj*jftT«»-r * «<^T5 x-?mmmmx-it . x ? x 

[0009] — jrc a^or^xvMa^at:- 

w&*u ycot'Os—ftfimmzj-x-vr-t&zt 
itzx-oXJ yyj ygmzftixti*) . 
izjEfttcwmtWitf'tffrtiti&friT'x -vf-t&zt 
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[0 0 10] X-y^y^Sffofce*. X-yf->- 

mm&z. m<o77x-?msmmz}5^xi>mmcoffl 
m&$Ltx^ti. 

[ooii] ^ai^iwa, y'7X-?wmmtcv$ms 
mrt&zbizhz. 

[00 12] 

^{tft*7\^£fEffi^ft* 7%-^E1£fak - mfsEft 
f^yr'J xX^SfcJ: 9SQ;€L£MfE«Mi*5X>ffi 

* , fuie^ x/«iEii*aa> £>9^aj LftfflfE^x^ 

x^yx^mm.smwfh^m^n.b **r*4 £ k £ 
i 3 nx5X7j&g§£g£«j£-ti-uf . y r/i^w at- 

Sl^ tJtm^WfS^Sr^^^^ftA-r S £ k KJ: -»t 
X5X7<D:tfl«£jMgi ft£ fc SWT. 75X7 

m&c\ttfX'tz>» Ltzffi^x. w^i-A^ic 
4 £ k ft c k a*t * * . * , * 

Tt^X'ii. mm.. WE, <2ffl3rk\ ffl^HMWfl^ 
<7VS7 yx&X5X-?JQa#tt^kB8a^tT-JKtc* 

k las-r ft z. t tfx-z h <r>x\ mmzmn^± tfz 

^fii^'^ k 3: ft . 

[0013] tfc. ±iewx5X-7^a^S(wi3v>T. 
w lEmswft- 5 ? ^75 xv soaw*^ swart- 

an ± o «ias s ftfcfcj&flWB &t>tc, mi ex 5 x 

k mummmt (Dmzm^x79x~?<7)vm*&w~r 
ft £ k #a* u*. mmmz&fr&^&zwiz&mx 

If. Hfflffik^Sy<tkOlt«e*^. X5Xv*sa#*-r 
Brfft .Ik ft. 

[ 0 0 1 4 ] ifc* ifew75X?j!!llgS:l)^t. 
mrfEf£Wr#aii. f^Brt^X7X-7£7)WcS^§. r 



9Xv«Sai«IW- ft £ k A*3* L 

v\ ^a-TftikniO. ffife(?>77X-?Vmfrt>M\ 
Xm£Ztlfz&&<?W&V*-^e>ft& : S:W}±'t&Z k 
&X'*h. ±tz. ±ie<7)X5X7#UIggni5^T . lu 
f EX 5 XvKSStttejWSH'— 5£k =Srft i o (c , flWB^M 
ffin*^V^TX7Xvc7)*t1l&$Wi-ft$iJffll*a2rSn 

3rtft.rk#SI£U\ itoiSfcX^xrByiiSl* 

-^N^rJOffl-Tft £ k ft . . 

[0015] ttz. ±m<7)y°7x~?!mmmzt5^x . 
mm^v-yrv xx#aii. mummmm^t tx . 

75 XV £ 3&trt ft 1zib(V& mWiVJ} Sr EDS D"f ft Iffi k 
S-^tlk^ra^«ffi> «8S, ffiffl, -Yxt-Xxxxti 
gBAM TX«E^o*>cO^< fcfc— ?£H-»f ft£ 

k* i- M^tv^ ttz. ±K^x5X-?5aagant5v> 

yX^-tt. jS^JtX(aDX^T'$>ft£k* < M^L 
[0016] ifc, ±iaoX5Xv38H^BntJV%T. 
fcftikAWLV^ tfc. ±3EBfi»Ki» *ffl^x-A 

co^aa^snfc v>t , x 5 x-?4^^ RBjtsi- ft ^fftff 

-3ft&* J rJmiiZKX-t& £ k fci 0 HlTlEXvXvMa 
#ttO^)Bia^^ii5 1 . Ml EX5 XvMBlWttcOttiE^ 
aO»^o'v^TX5Xvo«»^^»f-rft£ k ^#1Sk 
i-ftXP-bXqtx^Sfc:<J:oTt>^Sn.ft. £<?)± 
dlcLTXQ-teX^x^SrfiXif. UT^-fATWe 
* T^nftA-f ft £ k (= J: o T 75 
X^^RWSSBtt) ft ZttfX'% ft<7)T\ 75X7»i 

ik^'f # ft, L^ot. 

-f ft £ k * *MCi±t ft £ k #X'§ ft . * fc . JEr^ 
^•C«i. SEE. ffiffi^rk'. ««<0««Wte^W« 

yyxs7yx-?mmmmtmm^nx-mz£ t*b 
xmm-h z twvz h<r>x\ mmzmm^ttz^ 

coMH^BB^^k^ft. 

[0017] ttz. ilEcOXn-feX^x^^rffinisv* 
T, MIBm^S^ft^^X^Xv^HiiO^Sr^atJt. 

x H?iEX5 xvjaa^ttconaiHiSr^aj t . fns^swi 

k HulE^iSiJffl k WitS^i. ^X 79X-?<D^MiU:Wt 

k e>im& ^. 75 xvjdi^ T^nce o ^ 

X5 Xvft#-C4$*LfcjW5*»*«*fc:flBM- ft £ k 
T'#ft. 

[ 0 0 1 8 ] i*. JhE*)7ntXt-?J£C*S^ 
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£«#T "f £ K X -5 T X5 X~?cr>im £$MJCti> WM k =5: 
4 fit ESStMW * 5 J* - 9 £ »5&$- £ £ k k * 

[0019] ±iewrn-feX^^^^^fcV-> 

T?xv«g&&ttfc &Mii-5tt4>HuiB ; &7-'/^s.t/H>rfa 
ssanwttn?.*— * kftrfamswft-f-k Srraa-w&M 
Kernes ssh? u--y^f*coHtiia^x-^c7)5!n : 
atscs t rei^tT«Bcffl« LTfc § , Btftass^ o - 

•cr^xvottSRSBiBrri - k#-e# 
[0020] ifc. iiacoro-bxt^^^aicfcv^ 

*ST{± >J TA^ 4 At/7 XvOftJBS:*— ^T* 4 
<7)T\ TATfcJft!lQ-f6.rk3r<, 1 life Wx.—^ 

m-*&mzT i 7X~?<om&iwmir& z t & . * 
j»*»WT4fc««oi»ia««6Wi#K{i, — jgwrraisiH 

[002 1 ] ilB^To-feX^-^^S^fcv^ 

■5*- ^ *» ^>«as LT^^x/^eii^sciEii l t & 
T5X-?c7)^«cr)^BiT<7)^tcfrie : &T^^ia'ti*a 

x— ^Ntfoi?iaT7XvsftaaagKt5v>T. r5X?fti 

oimiEr^xvfflawtto^wfiSrJWj u Airier ?x 
v«ia#ttco«(fia^afltttw*^v vc X7«b £f£$r 

&izx-?xLmsa^ti&. zco^dizLx^mi^mmi 

A'SCCttA'*"* - k (c ± otT7Xvc0tS5:l»i 4 
d k#-C# SWT. 7"5X^j!a»ttjWBfl:Ufc*&K 



ot. ^^x-M^4t^±-rsc:tS-*^l»± 
X'\i&<, m&M'S ; 7X—?cr>'<yyxt:7°7X~?ym 

mmtmm^fx-mzi t#>xzmt& z t a*rs 
h cox\ mmzm%tf&tiznfe<nim%mii s mM t & 

[0022]^. ±un*mwmmcDmm-%-mz£>^ 
x. minmwm^fr^y'yx^tmnm&zmiiiL. 
m&ztiti&jttmz hkiz vx HifiET yx^mmsm 

~j^xy°?X'?cr>tm*W:m~t&z\ktim& u\ t 
fz. ±m.cr>*mimw.<vw&tjm tzt>^x, ryxw 

iiktcto, r^xvco^tn^^'ftri.issk^i.B? 
[0023] iiaw^fr^awSjt^&^fcv'* 

T, ffia^xV^i. Mffl^x-^N^rfflv^cVrnf^Ko 

t - ^ ^> s^ai l t •r ^iaii#8a t laii t r a 

S s X9Xv<^<fflW)»Brco|Rfc:l5iE ; E'r;I^CIE«#a 
[0024] 

[^hjcouss^®] *wm-mmmt,zz.&Tyx 
-%mi,z'o^xmiJbmm7£m^xwmf&. an±* 

SeSBBJBt =t 4 X5X-7«BlilB<0«*i»i»r 4«* 
0. H2ti:»^fffl3yt' > ju— ^co^-f^fifeWI?:^ 
H. H3«2|s5QWKBfc:J:-6X5Xv»liai. 7°o-t? 

x ^& =. ^ j}m&v*mfo$m<7)Mi&%mz& (t s 
jas^^ttsmmwft^ft^-fb^^-rx^y. H6 
&&mttm-%-wtm<7)—m£^i~77yx'fo& . 

[0025] 3|s!lifeJg«£:fcVvt(2r5XvflKlggtf) 
ft*W=Sr i><0k LTX5 Xvx -y f - S: MdzmM 

•thifi. *mitey°7XrrzmmLtcime>y°7X-?9m 
mw. MuzTyx^cvDgm&iz&^xiimmzm 
m-?z>zttfx-z&. *w>t. ^mmmizjz&y'yx 
vtmrnmcommz^xm 1 &tfH2 sjavvtsiw 

[0026] TyX^mmZTf 0 IzHxnX&j-* 1 
0 rtKUi. ±^nM 1 2 k TSPItffi 1 4 k HcMr&I 
•t&£olzmEZtlX^&. T»«S14±Ctt. X'/ 
f>-W)i-Al 6*<iWS*i6. ±gB«ffil 2k 
TS5«® 1 4 bnmzlZ. Ztlt>WteWU,Z7yX-? 1 8 
& 3te6W^^mji2 0 2 2 SrrfrLT 
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v^4. ttz. mm^.mM2o, ftsMw»2 4* 2 6, 
mm? yv*-? 3 o mmzti-c^* . 

[0 0 2 7] ^^2 2fc±aittffil 2bCDmiZte-t> 
VffskVbtlX *5 0 . ff-SIS 3 2 i -5 1 ffi Jf ifJMM 2 
oa^OtB^mfiE, *ssl -fye-^^, ftffl&fc" 
ZO-mX'Z&Xo C^ot^l.. 4fc. 7>f^^0SS3 
4 LT«Eft 3 6 lei: T±a5m® 1 2 TlSife^ 
g e^M TXttJE£tt$!|-C# 4 i 3 t=5r -a T . .1 <0 

#r JB 3 ytr a - ? 3 8 (cff^S 4 tl 4 X o K=5: -> T v > 

4. mmm^yt^-^3 8n. «wf*s**x V f-y^ 

^frtcRlft-Ct 4 J: o SfflMfPffls y trx-? 3 0 
fcjgMa$*iT^4. 

[0028] ^Wffln^t°i-^3 8{±. 02 

o iz. tmmm^m o . msmmw-yrv 

4 2 . sw*a4 4 „ »jis»aj¥a4 6 . ^r^iets 

#S4 8 , =m/wm/vm^&5 o . t9-a#s5 

2fc£J:'3«ifi3*va*4. JMBl*as¥K4 0UU fr$l 

rxx&i:') <r>$*>'J?*<bb Uft4r£jHffiU *ti$> 
comb ^sbmfeLtzmtZitWtthZ biz £r>x..yi- y 

7w&mny-7x^wcm<?>ft££&fflt)i,zmm-& t><o 

T'J>4. 

[0029] ttSvWfl^^rU >X*&4 2(i, l£56 

Lfc-jewwmnirc. we. *au <a*. ^ y\z-y 
yx, ge^M rx«BEifowja»f5««ftWi#* 'J r 
iv? a Ax-y-yr u y x-f 4 1> wi» 4 . i&jfeffcaj*® 
4 *«8uti#«4 oRxmrnmrn^ryrv y? 
^S4 23b»^>»4.nfcflWRi' *> bizirxmmmzft 

v\ x.y^-^^co^2r^£ti-r4#at'S)4o 
[0030] ^/loSKtt* S4 8li, SSffl^cOx- 

Vj£5I^£jim4*x/^£feiiLT:B< fctf5T* 

4. j»jt#a4 4{4, m^mm^ryyoy^m4 2 
y^yymsn. x tt^t'cox-yf-y^^ttt 

OTOIflteJKBU tfc, **jSBttiJ*»4 6fc:J:->'t*' 

y b'co*. v ^yyw&.<^mmm.^M\&t 4 1> 

<T)X'hh» 

[0031] ^/wm/wm^s o«» mn^m 

7 4~-Wv?-?h%>0)Thl>. Ty-A^S.5 2(2. 



[ 0 0 3 2 ] ^mtmrn^zx^-yx^ummm. 
<rmfcr>m&zm3*m^xwfttz>. *m-wmtzx 
&7°yx-?%mgiWii.. nwmMtiimv^hw&bm. 

■&$sbcr>m<r>mi±. VfiL. Ay\Z-?yx^ ffiffl, iB 

frksm* n^i7f y^js^x - y f - y r^-e^ t' 
(^f77s 11), nffl^x-^cor^x^jaaiig 

xvma!f#ixo^si)ffis.^syffi^jt^t-4 i t tc ± 

T77S 1 4 ) < lta**#i:&'oT^4. 
[0033] WT, &XT»/7'lZ^XmffliZffl s n-t 

immvx-^zm^tzmmmi (x^-yrs id: 
mm*mt. 7'yx-?^mizim^i^itmm^mm 

fflffl^y* -9\,Z~o% T-yX^WSHZH-x. 4»^$rf'J^ 

[0034] , WHiaw*, ^rxata^r 

fc\ ^KSbytX-y^yi?'Ma^fr^{t4fl:ffi, « 

<3*3P) . ^<^%^, H^ltHa(^Jx(f. ""G.E.P. 
Box, W.G. Hunter, J. S. Hunter, "Statistic for Experi 
menters", John Wiley and Sons, New York (1978) J , 
^V>(i N rcE.P.Box, N.R. Draper, "Empirical Model- 
Building and Response Surfaces", John Wiley and So 
ns. New York (1987) j £#BB) 5rfflV^{fS6^t* 
^^>il4. 

[0035] mz^ ^vi-yywmLtzUMV 
h'&htih^'vy-yy'mg.. i'«x -y i-y?m 
a. Mwcx.yf-yx^Bt^tcaysL^Huieaffi. « 

mmm^ttmmffiz. mx.ismmm^i,zx-oxm 
vrv. tmiRt&Eftmm, ttzimmmb^s.i^mm 

bZ&<nmb£m^tz*'r)l>3iX'&£<kt$> . 

«jE^€<^R 2 -adj.^0. 8i-XhK^4^* i M 

T-# 4 fcftffiIE8fifc5gfi&?&R 2 -adj . & l ^^itSrfflV ^ 
4dt*«M4Uv^ 

[0036] &vvc\ O (C LX&ibtz*:?^ 

t, »?$fffl3>'fi-^3 8^ ; exV«!B1S^a4 8tC 
IB1tL-C*3 § , ®<7>7 : -?Mtfic?>mz&mX'Z 4 i d tc 
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[0037] WT> sSffl^x-^SrfflV^Wti^ii^o 
tot* 'Jy'j3 y§££ H B r + H e SrfflV^r 

XE2k HBr<7)Jt§P (=HBr/ (HBr+He) X 
100) ^3-?5riit^ ^eHti^ft-fixl 3 0-1 
5 0W, 250-300mTorr. 55~65%tL 

^1 H 



fc. HB r +Hec98£&{±3 20 seem. AffiaUti 
8mm. M£*&£«6 0*C— Jti: L-Jt. 
[00381 mm^3.-^tLX\i. y'jnylfiltl: 
J8I)I4 nmcDv-'J 3yI«tIJ!2 0 0 nmcO^U 

U jKU i/V3>mi±6 2 OTOiCVDftCJ; OtfcfJ 
Lfc. HfHdi. ±^<7)H^fHi^5rfflv%. Box-B 
e h n k e nftH^i 0 1 5 tH^HlfciHT-?*:. MZ 

[0039] 
-<7 V- h 





(W) 


(mTorr) 


HBRtt$ 

(*) 


1 


150 


300 


60 


2 


150 


250 


60 


3 


140 


250 


65 


4 


140 


250 


55 


5 


130 


250 


60 


6 


140 


300 


65 


7 


150 


275 


65 


8 


140 


275 


60 


9 


130 


275 


65 


10 


140 


275 


60 


11 


130 


300 


60 


12 


140 


275 


60 


13 


130 


275 


55 


14 


140 


300 


55 


15 


150 


275 


55 



**<OlWM6-*'Jv^lHJS3l) / ( 2 xffTE9j£<W& 

ffi^'S!U-r £ * -CX y f - > ^ X-yf- yf*<D7° 7 X 

Y=bo + ibiXi + £ 
i - 1 i - 1 



[0040] ISffl * ^WIMCfc 1 1 & flffi - M 
fcv\Wt*fflBtf>l o&ratKi<aiO<0 2 0»lfflt:*J»tS 

mmm^frt>. ztie>e>tt$mmnmfwmz£<o 

[004 1] 

mil 



ibuX.Xi + lb 

» -* i - 1 



i I 



X 



[0042] finiiif <t •? , x-yf- > -^#14 1 mm 

x-yf-y^M [nm/mi n] =-39142. 2-13. 3X 



(WE) +15738.6X (mm +508.6X (ffiffl) +3.3 
x («EE) x (ftffl) -196.9X (.mm) x (fiffi) 

[%] =233. 9 -0. 4X (1JE) -103. 8X 
8K) -l.Ox <*E> x («»SE) +0.005X («E) 2+7 
2.5X (mgE) 2 

§BRit=192.4+0.75X («E) -124.7X (msS) 
0. 9 9 (X-yf-yj/jSJg) . 0. 94 (%-tt) . 



I 
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0.8 8 (jBSUt) Tfo^tz. 
[ 0 0 4 3 ] fcti. 3js^a^J»fc:*Jtt4»lttglBT«. 

[0 044] ilBWX-y^-y^StlBltx-yf-y^ig 

-tzztzofotz. i7fym?cii«ioon 

HBr^Jt*. HBr+He(7) 
Sfifi£ill>\ S@BWSfflH:*'*i.'e*i3 50M50W, 4 
50-500raTorr % 50—80%. 250~39 
OsccratUc. €Wa1Hii:8mm. SM&Jg(i6 0 
•C— St Lfc. 
[004 53 ±IB<0^fcTX-yf i^^UISrfTV V X 

^af^^x-^SrSiJO. jtaeSMmHIMt < S E 

m) tctowfELfc. mmmmMmt^ yi-yymm^ 

[0 04 6] BrffifSfStfS [deg] =355.88-4. 0812X 
M yt-m) +0.014144X (^fyt-m) 2 

coj y\z—yyxfrt > =f'ffit&zb&X'&&. W 

irm. t commmffiTfoz t< . mmm^mzxtm. x 

HBrlt*) tmmWfl^fc^M^£**64 

[0 04 7] ttJE [V] =126. 715+1. 637X (iSJ^&tt 
^3) -0.077X (tfXED) -0.571X (HBrJt*) 

[A] =-0. 0942 + 0. 0374X (iSJ^}S«+J) +0.00 
54 X (tfXEJl) -0. 00525 X (HBrJt*) -0.00006 
X (fcffiiWSfl) x {tfXEU) -0.0001X (#X& 
Jl) X (HBrJfcP) 

mS [deg] =86. 325 + 0. 0168 X ( iSJSi£lt;Jj ) -0.008 
55X (tfxffifc) -0.0643X (HBrJt*) 

yt-/yx [Q] =104. 465- 0. 355 X (SMI&m 
Jl) -0.133X {tfAB.?}) -0.366X (HBrJt*) - 
0.0008X CmmWiMjl) X KJjXS.-)!) +0.0024X {.% 



m&MJl) X (HBrit*) 

4v\z-yvx<r>mmft [fi] =o.i42+o.oooi48x 

U%mW&jl) -0.000132X (tfX]&3) -0.000931X 
(HBrit^) 

-i >\L'-y>XCOVT??>X&ft [Q] =115.4-0.4 
26 X (fcEjflKj) -0.047X (tfXBJj) +0.0475X 
(HBrJt*) +0.0009X mffflUMJl) X (fi'XS. 
^J) +0.00325X (lSJfi$«^) X (HBrJfcf) 

e*«ps^s«^R 2 -adj.(±, -en-f 

ft. O. 9 9 (Iff) « O. 99 («3K) . O. 9 6 
(ffiffi) . 0. 99 {AV\Z—?VX) . 0. 99 M 

yv-yyxvmsmft) . o. 9 9 M vtr-^yx 
[0048] [r^xv^itttco^aiffiomai (xf 

•y/S 12)] ±JC<?5J: dKtT*ffl^H* : fiMT-sfc 

gfcfc^TJi. It»3 2. «EW-3 6^rirfcJ:0. i« 
iajft«J®2 0 1^§§2 2 fc<9P H l<?)«ffi. *»g. ffiffl. 

4^4 2lZ£iX%ffim3>V3.-? 3 8£Sfc*.&tf. 

[0049] &wt\ zcoi. o \,zm&LtzmMmm^r'f 

-9*. XT77S1 1 (c&»T$ti>fe j e7 f A'£fcftA 

\t. msmm^y? u y/*g4 2 ic i tsissjt 

TV^fc 5r?H»:*g4 4 t:BE»a», «S¥S4 4 |c J: 
[0050] Xf >y y° S 1 1 cOMfflHiWC <t X -y 

t tci Z t A>'T-^ 4 . LtzW-oX. Ztl^t 

fji-Mz. Xf'yTSl 2CtHvc*ffiL;fcfl»lWfI# 

[0051 ] ziil>WfeT-?l&. %mm? yt:*.-? 
3 8^m/mmxmm^5 o ci-jt^f-^s 

3) ] mmv*-w!m%i&x'te. *js*ai«#*t» 

t C LTx > y ^yj/SSSt/x -y j-yfcom— 142: 
f*(=x -y f - £ JU* «> 4 fztbco?- 9 ftmizm v > 

4s^t-r4t>o-cs>4<, 

[00 52]X7fy/Mli i7fyy*ifti7 
f-y^<0»^C«l{B«t: J: 4»^^T'^B#rat 
zttfxth, ttz, I'yfyy'JHili. jRjSCKaJ** 

TOtifffl b<7)itfrt>#tb&Zb WX' #4. H4 5 

iir5X7x y f - y/t^-A'x •yi-y^&.^ixn 
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[0053] ztLt><r>mfrt>wt>fr%£ o mm. 4 

Srffdit^-C-t-S. EI4&yra5fc:tJV^Ttt. 5 5# 
[0054] r5X"?J!WjE*fflV^T»jSt*«iajf * 

. fl*ew= a , arco i. d t*» s £ t a*-e # 

S n =10 4 xabs[ {V(t)-V(to)} x {I(t)-I(to)> x 
{<9(t)-0(to)> ] 

&&m-r&z.tifiiMrch&. zzx\ t = nT(T« 
f-^ty7'j> rim ) , toiji-y ^y^mmih 

[0 0 5 5]3rfc. ^XN£t/:j?u^yn>-jBt/^ij 

3 >wnm/is y a y««i o =5ri» ±is<o^-c«4^«j 

ffl^fc**. *9Wt!ym^S 11 »i, xy^y^tfx^x-y 

a«siu^ **«ra«#s n <o«4Hi [= <s n -s 

n -i ) /T] *«*^M*^CU^Hft^«*iBi/i«riaSr» 

x.y^y^g[jK=;j?y^yayjiB?/ ( t,-i 0) 
%-tt=K (t e -ti) / (ti-10) (fflu 

(3rfc\ r-ioj (4. x>y 

[ 0 0 5 6 ] 06 1. »jiSftfifc*J»t4»jS«imi#« 
*^MS«-f"<^»^m-f- (S a -S n .,)/T^U^ 

«fi#S n **J(BiirrS (*->6 0~6 4#OfS«) . 

[0057] mnmmm^s^m^mm^m^Mm 
mmm t i Ri/m^jmmmm t e * s >t * at 

WBM^OKWHl'* (S n -S n .,) /Ttf^*. m 



[0058] H7I4. H6fc*rS#»9»fc:J3^"C S n 

nrntrnftwrnx-hz, . znmiz&^x. < s n 

- S n _, ) /T<0»»Ti&<0«*« 1 0 0 *ttifel*ia 

<i«>6 1»> s-^^aiiHS&i^fatifc l s wt/i o o 

[00 5 9] ^tf04 3tcLT. iffl^i-Afl/^X^ 

pj^-r h 1 1 i> fc „ x -y f - y ^ajsa^x -y ^ 

[0060] z-tit>wM.ir—9\i, mmm-3 >v*.-? 
3 8<?)^m/im/mm^®5 o ti-jta^f-^ 

[X-yf-V^qtttC7)^l)f (XfyTS 14)] jM.^-/ 
rTii. Xf'yrs 1 2, S 1 3 t3<i67tx -y y ^ 

[006 1 ] 4*a9KJBfc:J:4r7Xv«!a§atC(4. 

±iaxx-y -razx *)nhtitz7-?£m^xm«<D&m 
z'trozbifix'^z. aT. mmmbtxm^corxj-t 

^x^LtzWMmE^-fco&fctt^tmzs 

ib. ZcoX^lzSfrtz^mZ^T^zttALXJZ--, 

[ o o 6 2 ] z<r>x o izmtbtzi-mmti^tbm.iz. Ltz& 

Hrtfc&fUf x >y f - >-^«SK*iE«fc:fit>*i3t t fj^ 
L. ^co>> x-^(7)x -y fy/M^i^t^ . 
'RBIt^ftRffi UfcKHfc: A ^ 5r i MM- (c (4 . T 5 - 
A#S5 2lc4->T-e^tSr*^L. &Wt9&*9tt 

[0063] =5r*3. WjaWJCfflV^x^f-^^^tttto 



*>, Z<7)£ 0 ^ibtz^im^^Tt^ZRX LTX -y 

[0064] icOJ: 3 K^fcx-yf-y^W^Wi 
hti\Z x y ^ V^itfl^fcfffcft*: i: L , 

^xWNiOX.y^-^^B|^^-tS. -*\ 

tcioT-ecoi'Sr^L. ^nw^m-zzbizx 

[0 0 6 5] ^x-^Sl«cKS1^4» 

ftALtx^f-y^Mrttt^fSKI****. *^ 
P^Iolt^r^lcftAU Xf77Sl IT-MIS^ 

«r*-s. 

iL-rs J: 3tc-f s„ 

[0067] CCO J; 3 (cWfefctfn, «MWfS^O#j£ 

46, ^coi d^^^fejilSr^r^/^^ftAtTX y 
itLt, x-yf- y/assy'i -y f- > X%Hx<0H«fl 

u xf7rsn -curies f)v^ zmwztz e>m.% 
[ o o 6 s ] z<r>x o izjk&btix. y-f-y yw&^mm. 

£>ft(l x >y ^ v ^JfiS #1* fcff *>iU: b Plfe L , &<Z> 
•9*^1-- x-yf-y^«yi*ffjh-f4J:a 
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[0069] z^x o izvifem ta , «siw«-^o# 

ibMfiifiim Ltzfr* WBct S Z btfXZ S . 
CHJfe^J5] x-y^-y^SttJV^T^ttfccO^x-^ 

Sifcfc&S. 
[0070] flUtf , H«SM2XJiH^0!l4 ^if-^Kfc 

y^-tt^asffitnpjtfi:coii(o*e*ni*^ ^x- 

JSixS. i<9*£\ Iit;ffl^x-^T"^7V«£#*£ll# 

[007 1 ] fit, ^affit^PHitcOM^icOJ: d 
fcBWKtobSfc^HHi. X-yf-VX^M<7)^ l J--Vy' 
3 & T'cox - y f - y XaS^-Hx^f MffiRy'UPJ 

7 ! -9^-x^mLLxmm, mm<v?v-~y?"& 
&4T Sit s . mtf . ? y --y/^ojra 

[ 0 0 7 2 ] ifc. ^PJfflfcSlfflfflfc <7)H*^(c^-fL 

k rnwmw *?*-9t oBWfcec j&» 4 its l ^m^wfi 

[0073] [HSI0IJ 6 ] SdtfiN 1 7bM4 tii wjee 

•TSiti: LTV%S*>\ WS^mSrx.yf-^^a^ 
tC7 ^ - F A.y ^-TS ittcj; 0. if fcjlIE&x -y f-y 

^^Tiayijwiittts ixs x o izgmzmm-h zti> 
x-#s. mr, *.vi-yyM&$:-&z&'om&zw<,z 

[0074] ffirsBoM-cji. x .y ty/aKii 

X.yf-yXjI^ [nm/mi n] =-39l42.2-13.3X 
(«JE) +15738.6X +508.6X (ffiffl) +3.3 

x («flE) x am) -196.9X («SK) x (fifffi) 

Sf^«ftR 2 -adj.^0 . 9 5 t^P^-TS*^ 
Xyf-y^j£g [nm/mi n] =-409.8 +207. 4 X 
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(USE) 

i: femtth ZbhX'Zh* Ltzifii X , fDPfrff; Ltt 

[0075] Tmmtem^nm.it, mm^mx-^tii. 

W& [A] = -0.0942 +0. 0374 X (i^SM?)) +0.00 
54X (#Xff+;) -0.00525X (HBrJftP) -0.00006 
x (KB***) x (#XE7J) -0.0001X (#X£E 
7J) X (HBrjt^) 

[0076] mniz, mwBW&k'iz-o^x *> ;m - k 
mmmmmt. 

mmmmn [deg] =355. 88 -4. 0812X Mytf-^y 
X) +0.014144X >\Z-¥>X) 2 

wstt x < -i&zvm-th z t h . 

[0 0 7 7] ic7)j;ol^ #mi>mBlz£&7°7X~?%l 

mmwRt/Tri-tx^-fjjmizxixtf. mm. se, 
tt^t m&wx-mz& ttbxmtt h z t wx-z s 

At75X7«l?:fiI§ Z b 4tf9t. Mitf-ft 
<r>*? x.—)\*~r=7 X~?Wmt JSWi -^n^'SLE^M 

#®*)*?£.m&zm±-?zzb#x-z&. *m&&. ± 
E9mmmzme>-rm« v®mimmx'hh . ar. 

yyx^wmmwiz&^x t> mm^mm^-^, z t a*-cs 
s. zcom-s, wee, mstE^r t'comsmm^ 9 
\t. ^•rtii)*-*. m^im^mmimximii-^z 

[0080] tic. r^xv^s^-rs^rswa. tot 

WMI/Zm^iX-f. TCP (Transformer Coupled Plasm 
a) I CP (Inductively Coupled Plasma) M, ^ 



[0081]*^. iieHJmWi. x-yfy/gl 
£ 01 fcBWH L*:** . 75X7CVD if *>JSJRSB1 

iz&^xi>fflmt,zmm~?&zttfx'%&. s&mmmcom 

[0082] 

J2LL<oa<K *fWH=J:*i.tf. 75X? 

ry y-x^mzx vmfeLiz'wm^wz . tf;« 
&<7y?>wmiz&^x y^xwimzmfrt-mm* 

&klz£K) TyX^Wmgmzm&L-t&OT, V T)V9 

4 j-x-wg. Ltzmmmm^^^zitx-t^ ztiz 
£^xy-?xv<7mmz%mhzzbtfx'%&. ttz. 
T^x^mmmtimitLtzm^zit^u-^im-h 

izZtitftihZktfX'^h <r>X\ x -^tf±&lz 

mL-t&ztz*.mzm}tthzktfX'%h. ttz. =e 

<oa'5 >xzx7X^mm>&M t marxfx—auz ± 
t frx&m-z z t &cr>x\ mmzm^tftk tti 

[0083] ±ieor5xv«H«a(ctjv^r . 
««wfi#3&»4> r y x~?vmcm&*im^ & mmc& 
^m-mzwivt. mn^mx'tt. m^mta^mzi K>m 
ta s tifzfcjamm zi>biz,ry xwmm mmm. 

itm>h. TyX-zmmtf^tljUlzfei tzVyX-7%. 

wx^ixfzir^ii^^iizvm-th z b tfx-% h . 

[0 084] ttz. ±9i<r>7°yX~?W3mWlzt5^X. 

mnLtzyyx-?<7)^mizm^ . yyx-?mm^mm 
xw£%ixtz$>m<oyp&^ *-^<nmi*ffi]kt& z t 

* J T#a. itz. IMZnryX-vmmiWtlz&^x. T 

yx~?>m¥f&mm-%.b%z xoiz. ^mmtzm? 
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[0085] ifc, ±|B<5D7*7X^^^St=fc^T, 
— ?2:ft»f ■& Z k #>'T'# & . 4*:, ±!2eor 5X71 

[oo86]^, ±Mi<oy°7x-?%mmmz&^x. 

&jM*t&££#T"£.g>. 4£, **JJfc:J:*Ujr, Hffl 

c^imst jrtt l , x 5 x^mmwt^mmizm^ > 

Tr5X-7^*aiS:^Brf S £ fcj: 0 Xo-trX^? 
£-T S COT', U T/l^ -f ATMS L/:tM«f^&tf 
f^izRA-Tt Z k lz£ oT75XW«®^18{,|, 
dttfT'^S. 4*;, X9X7#M#14# S ^L^^ 
tti^v-^**et>fci jx^jn* ; k tfX'%hcnx\ 

t* s T'#-s>. 4^, tf/«ra, mat. mm. im* 
k\ m * nmmm^w &&str & cdtj±& 
<, mm>^*-9<r>>^vx*yjx^mmmm 
k mm^nx -mz 4 1 K»r **t- § * <o 
t\ *ats»*«± t^<om%i^ t & s . 

[0 0 87] ifc, ±ie<7)7 0 n-fextx^fr^cfcv^ 

^v^TX?Xvott»£»Brm«r. J*SWttfc^«tt 
7=£#T'& 2 KfJBrt S i fc #T § 

[0 088] 4*:, iieOTO-fe^^X^^STIi, x 

nk z mm^if h ^ "riv&fr ^mmzhtmsmm^ 
k , <j T)v? 4 atipm Ltzm%mm t ^itis-r 4 - 

^^pf-^JUgtl) Z k ifiX'Z h . tf^sta, 
T'# &OT\ ZV^y-'JUttMVf-f&lzXiXTyX-? 

corns, ^mtthwmktch mmum* ^x—rzmiz 

?&ZkfMffikKc&. 

[0 089] 4fc, IMttyn-tA^-fjfmiztS^ 

x. v x -) ^cDwmm.com m ttttr? x-?wm 
^14 zmm^vz^Tt^Rimmm^?*-? t 



?>vittzmr$\ xmim £ mrrtm . ?o- 
-yrmvimmifrbmKttT/ujZZMiR lx 

[0090] tii. ±fficOXD-feX^x^*&T-{±. 1 

^^x-zN^^a^-stt^r^xv^^io^Bf^fi 1 

? -f ATX 5 Xvco«® ?r 9 X'% &cr>X\ T A T £ 

•feX*x^^rj£^(i:, VvX-7Cr>im^%W-thtz^ 
mSWfl^fcLT, -^B#^PiT-9->X'jyXL^a 

[0091] 4*:, ±IB07'D-feX^x^^St:*3V-> 
T, tf/«li, Mffl^x-^^ffl^^HuH^r*- 

r^xv^^^ifoi^^^x^stisis^s*^^ 
s<7)SjS*^-r"S>-7T. nffl^x-vNcox^xvsjusjfi 

m-f-tfofflfc r^xvjt&a^ftti: £ wa-^it^ ^f/«c 

ftAf 4£tfcJ: 9X5X7«8tt<^«I£gaj 
L . 7 = 5X^3«ia#ecO ; f-5lflfI^ao% ">T 75X7«i 

ft^Sr^r^iCtftA-r-S. £ t ti-3T75 X~?coW&. 
ZMMb hZk * S T'# i»tfDT\ y'yX-?^MW&^it 

Lfcm&i,zii*^u-?im*>izztiz$n&zkwx-z 

Ltzifi-iX. x -J\tf*S.t,zmLth Zk£ 

Jamz'mitt&ZkipX'th. ttz, *-r;^T'{±. « 

g^-f&co-etiSK s sisw^^-^WN'^yx^r 

7Xv^^^tM^'ftT-S^4 fc*T^-T4 
£ fc^TS 4 COT', §gaKS»*«^t/S*^<DJRHa(S^ 

[ 0 0 9 2 ] 4fc, ±iec0^^a^lSit^T'l±, 

aj-r-s.^ k izx *) . ^anffltnaiifflfccoiitc^v^Tx 

^XvottJBfc&Brtaifctf-C**. ±iaco^ 

w«««^)»ja* ffi-ew , X5 X7« ^mtrt- 

Ztm-? h Z kizX 0, 77X7«J: 

**T'#£. 
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[0093] i/t. ilS^^^H^Km^^^ioV^ 


1 6- 






1 8- 


•7 7/>7 




2 0- 






2 2- 


■IpS 




2 4- 


■Vr B Aft AVfl OO 




2 6- 






2 8- 


rT**fl/C<Mt B.O 




3 0- 




[H2 ] *3% 0 J^^*£^^ 


3 2- 




& ( t & fiWr ffl ^ V t° — ? <7) S^x x ^ ffl IR^J £ ^ taT 
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